A wiggler magnet with 27 periods, each 7 cm long which reaches 1.21 T at a 1.2 cm gap and 1.64 T at 0.8 cm gap has been designed and is in fabrication. Installation in SPEAR is scheduled for mid 1983. This new wiggler will be the radiation source for a new high intensity synchrotron radiation beam line at SSRL. The magnet utilizes rare-earth cobalt (REC) material and steel in a hybrid configuration to achieve simultaneously a high magnetic field with a short period. The magnet is external to a thin walled variable gap stainless steel vacuum chamber which is opened to provide beam aperture of 1.8 cm gap at injection and then closed to a smaller aperture (< 1.0 cm). Five independent drive systems are provided to adjust the magnet and chamber gaps and alignment.
Introducti on
We report here on an extremely powerful wiggler, based on a new design, which will be the source of synchrotron radiation for Beam Line VI at SSRL; a joint project between Exxon Corporation, LBL and SSRL. Based on the design parameters, this wiggler will produce the most powerful x-ray beam yet achieved anywhere.
The high performance of the wiggler is due to two new features of the design:
1. The magnet is a hybrid design,1 employing rare-earth cobalt (REC) permanent magnet material plus steel, thus achieving higher fields than is possible in earlier designs2'3 which use no steel.
2. The magnet is situated outside a thin-walled (1 mm thickness) flexible vacuum chamber which can be opened to provide full vertical aperture (1.8 cm) for the injected beam into SPEAR and then closed down to the smaller aperture (< 1 cm) that is adequate for the stored, damped beam.
The basic parameters for this wiggler are given in Table 1 .
The computed wiggler spectrum for a 1.30 Teslas peak magnetic field with SPEAR operating under normal conditions of 3.0 GeV and 100 ma is shown in Figure 1 . At this operating point the electrons traversing the wiggler radiate a total power of 1.9 kw. At 1.64 T peak field the radiated power is 3.0 kw. Corresponding pe"aJ power densities at 7.5 m are 5.8 kw/cm and 7.2 kw/cmC respectively which pose severe design problems for beam line components which have been described elsewhere. Figure 3 (see Figure 3) was chosen on the basis of magnetic measurements performed on a 1/2 period wiggler pole assembly with steel mirror plates.4
To correct a possible deflection and/or displacement of the electron beam going through the wiggler, a pair of correction coils are provided on the end poles at each end of the wigglers. With Poisson,8 these coils are designed with a pole and REC above the coil so that the correction coil current over the range of wiggler gaps is minimized.
Beam Line II Wiggler -Undergoing Magnetic Measurements Figure 4 The basic building block of this design is the 1/2 period keeper assembly which consists of an aluminum holder, a vanadium permendur pole (1.26 cm x 8.5 cm x 9.73 cm) and eight REC blocks (1.12 cm orientation direction x 5.12 cm x 5.37 cm). Manufacture of these assemblies was achieved with the following steps:
1. SmCo5 blocks were ordered with magnetic specifications9; an Hc > 9000 oersteds and a magnetic moment uniformity of ±2.5% about the average. REC material was provided by Vacuumschmelze, Hanau, W.G. with an Hc = 9150 oersteds and a magnetic moment uniformity of 1 3.7% in 1036 blocks (+ 3.3% in 986 blocks and * 2.1% in 880 blocks).
2. After receipt of blocks, the magnetic moment of each block was measured and sorted with a resulting uniformity of + 0.054% for the total magnetic moment of each set of four blocks (two per keeper assembly).
3. The vanadium permendur poles were machined, heat treated in a hydrogen furnace at 1120 C for four hours and then finished machined. Each pole was pinned to a holder with four stainless pins. Two dowel pins are provided in the back of each holder to provide the 3.5 cm spacing of each keeper assembly on the "I" beam backing plate.
4. The REC Blocks were positioned in the holderpole assemblies with a two component adhesive, Technicoll 8260, Beiersdorf, W.G., with fixtures placing the blocks on the pole and clamping the blocks during assembly, and cured at 50%C for two hours.
The end pole assemblies are fabricated with a conduction cooled wire wound coil that have been substituted for some of the REC material.
The 1/2 period keepers and end pole assemblies are bolted onto the precision flat surface of the beam and shimmed such that the pole faces (57) are aligned to a .sL 021-9 r52
..L -3-821 plane within ± .013 mm. Two 3/8-16 NC threaded iron bolts are available to magnetically tune each pole. End field clamps are 1.27 cm thick steel plates. Figure 4 shows how the magnetic structure is supported.
Vacuum System
An "out of vacuum" wiggler design was selected because this eliminated the complexities of a UHV design for the wiggler. The basic requirements for the vacuum chamber were that it was to be thin at the magnet poles and capable of enlarging the aperture for SPEAR injection.
The chamber is of 304 SS construction. Figure 2 shows a chamber cross-section at the poles. Chamber thickness at the aperture is 4 mm which has been scalloped out to 1 mm thickness at the pole locations. Fabrication of these aperture chamber sections resulted in each surface flat to within 0.5 mm, hence the vacuum chamber occupies 3 mm of aperture. Figure 3 shows the two omega joints which give the chamber its flexibility. These joints, 316SS, 7.5 cm nominal diameter and race track plan, 76 cm x 254 cm, allow the chamber to open to 1.8 cm for SPEAR injection and to close to a minimum of 0.5 cm (1.64 T).
Bellows sections at the chamber ends allow I 6 mm of motion both vertically and horizontally. Transition sections at each end provide conducting surfaces from the SPEAR ring chamber to the wiggler vacuum chamber aperture surfaces to minimize higher mode losses. Also, four position monitors, for sensing the SPEAR beams, and a mask are provided at each end for absorbing power from the adjacent bend magnets. The Wiggler vacuum chamber pumping speed provided is 1500 Q/sec.
Magnetic Measurements Magnetic measurements are summarized below: 1. At the wiggler midplane, the vertical magnetic field is sinusoidal along the beam axis as expected. The averaged maximum midplane magnetic fields, for 53 poles (peaks and valleys) at various gap positions are summarized below. Uniformity was much better than ± 2% at small gaps so the tuning studs have not been used.
2.
Transverse vertical field measurements were taken at the aperture extremes at the midplane for all 55 poles. Average field variations for 55 poles for the 2 cm aperture width are also tabulated.
Gap
(cm) 
